Background
Introduction
Western society is being confronted with an ageing population. The resulting strain on social security systems has made it increasingly important that older workers remain in employment for a longer time period. As a consequence of living more years with chronic health problems, older workers are now also more likely to experience health-driven labor force exit, while (re-)employment has in fact been found to be good for health [1, 2] .
A recent systematic literature review on longitudinal studies showed that selfperceived general health, mental health and various chronic diseases were associated with exit from the workforce through unemployment and work disability [3] . A benefit for work disability can be granted temporarily, but return to paid employment is often relatively low [4] .
Studies on the role of health in early retirement present an inconclusive picture. In the aforementioned review, general health was related to early retirement, but chronic diseases only showed a marginal relation and in a qualitative study both good and poor health were found to be important for early retirement [3, 5] . Comparing the influence of different health problems on multiple exit routes is difficult because only few original articles [6] have focused on more than one specific exit route and/or health problem.
When comparing the influence of health on different transitions out of paid employment, it should be acknowledged that these transitions are related events. The probability of one exit route, that is, early retirement, disability pension or unemployment, may depend on the probability of other exit routes. For example, workers with health problems have a higher risk of transitioning to disability benefits, leaving healthier employees viable for other transitions at a later point in time, in essence the healthy worker effect [7] . Furthermore, disability and unemployment are to some extent communicating vessels that depend on eligibility criteria in the social security system; empirical evidence has shown that restrictions in disability enrolment had spill-over effects on transitions to unemployment [8] . When studying determinants of early exit from paid employment, the interdependency and time-dependency of different routes needs to be considered, which requires an analytical approach that incorporates such so-called 'competing risks'.
Work-related factors may also play a role in whether and when workers exit from the workforce. Several studies have reported that work-related factors may directly influence exit from the workforce [9] [10] [11] [12] . Recent findings show that among workers with chronic health problems, favorable psychosocial resources relate to remaining in employment and reducing sickness absence [13, 14] . In the current study, we will determine whether work-related factors modify the influence of health on early exit from the workforce via disability benefits, unemployment and early retirement. Such knowledge can contribute to the development of workplace interventions aimed at keeping employees (with health problems) in employment for a longer time period.
In summary, the objectives of the current study were to add to the existing literature by determining among older workers whether (1) the presence of different chronic health problems predict a future transition from paid employment to disability benefits, unemployment or early retirement, and (2) work-related factors modify the influence of chronic health problems on these transitions.
Methods

Study design
In the current study, data from the Study on Transitions in Employment, Ability and Motivation (STREAM) were used. STREAM is a longitudinal Dutch cohort study with 3 years of follow-up (2010-2013). The STREAM sample was drawn from an online panel and was stratified according to 5-year age groups and work status (i.e., employed, selfemployed, non-employed). Participants between the ages of 45 and 64 annually filled in an online questionnaire on a variety of topics, including employment status, work characteristics and health. More detailed information on the STREAM study design can be found elsewhere [15] . The current study builds on prior STREAM publications that have focused on facets of sustainable employability of employees still working, for example, sickness absence, work ability and productivity [14, 16] .
In total, 15,118 respondents participated in the first wave of STREAM (2010). Only baseline employed respondents were included in the current study (n=10,464), with complete baseline information on work-related factors (n=10,383). Self-employed workers were excluded because these workers may experience different working circumstances than employees, for example, with regard to social support from colleagues or supervisors, or the level of autonomy in conducting work tasks. Furthermore, only employees who participated in more than one wave were included in the current study (n=9,501) because we were interested in transitions that could occur during the follow-up period. Lastly, a selection was made of respondents that remained employed or made a transition to disability pension, unemployment or early retirement during follow-up.
Thus, workers who made other transitions, for example, to self-employment, statutory retirement or to becoming a housewife/houseman were excluded as well as persons with a mixed participation status, for example, simultaneously in paid employment and early retirement (overall excluding a further 1,352 persons). This resulted in a total study population of 8,149.
The VU University Medical Center Amsterdam medical ethical committee declared that the Medical Research Involving Human Subjects Act does not apply to STREAM.
The medical ethical committee had no objection to the execution of this study. In the information provided to STREAM participants, it was made clear that their privacy would be guaranteed, that all answers would be treated confidentially and that data would be stored in secured computer systems [15] .
Loss of paid employment
The outcome of interest in the current study was loss of paid employment. Employment status was operationalised with the question "In which situation are you currently?" (one or more paid jobs as an employee, work disabled, unemployed, (early) retired) and a question on whether persons received different types of government financial benefits. Based on this, four mutually exclusive employment status were defined at each follow-up wave: disability benefits, unemployment, early retirement and employment. Subsequently, three transitions groups were defined from baseline employment to disability benefits, unemployment and early retirement during follow-up, as well as a group with sustained employment.
The work status disability benefits was defined on the basis of whether participants stated they were currently receiving work disability benefits. In the Netherlands, disability benefits are calculated on the basis of a disability percentage, determined by the difference between what an individual can theoretically earn with his or her maintained functional abilities and what he or she earned prior to the disability or what a comparable person without any disability earns. Only if there is a reduction of (potential) income greater than 35%, disability benefits will be granted (http://www.government.nl). From the moment of initial sickness absence, it generally takes 2 years before one can apply for disability benefits. Thus, the transition from employment to disability benefits was defined over a 2-year period in the current study.
Unemployment was defined on the basis of whether persons indicated they were unemployed. If respondents indicated that they were early retired or retired and under the age of 65 at the time of the questionnaire, then this was defined as the work status "early retirement". The transition from employment to unemployment and early retirement could occur over a 1-year period.
Employment was defined as having one or more paid job(s) as an employee.
Employment was also defined as having less than 100 sickness absence days (≈6 months) in the past 12 months in order to ensure that the predictors (health and work-related factors) were measured prior to the transitions, as long-term sickness absence is an inherent predecessor of disability benefits.
Chronic health problems
The presence of a chronic health problem was assessed at baseline using the following question, "Do you (currently) have one or more of the following chronic diseases, disorders or handicaps?" [17] . Thirteen answer options (i.e., chronic diseases, disorders or handicaps) were provided for which participants could indicate whether these were present. Seven categories of health problems were created for the current study: severe headache or migraines, diabetes mellitus and musculoskeletal, circulatory, respiratory, digestive and psychological health problems. Different musculoskeletal disorders were classified together into one category. Specific answer options were not studied, namely, rare health problems with a prevalence typically below 1% (e.g., epilepsy). We also classified participants into two groups based on whether any of the seven categories of health problems were present or whether none of these categories were present.
Work-related factors
Physical work load and three psychosocial work-related factors (i.e., psychological job demands, autonomy and support) were assessed at baseline. Physical load was assessed using five items on force exertion, static load and vibration (Cronbach's alpha=0.86) [18, 19] Psychological job demands was assessed using four items on how fast, how much, how hard and how hectic an individual's work is (Cronbach's alpha=0.86) [20] . Autonomy was assessed using five items on making decisions, deciding the order and speed of conducting tasks, having to find solutions, and being able to take time off (Cronbach's alpha =0.77) [21] .
Support at work was assessed using four items on whether colleagues and/or supervisors are willing to help and listen to work-related problems (Cronbach's α=0.80).20 Items on the four work-related factor scales were all measured on five-point Likert scales ranging from 1 '(almost) never' to 5 'always', and were all dichotomised at the median value.
Individual factors
The factors age, gender and educational level were included as potential confounders.
Three categories of educational level were used: low (lower general secondary educational, preparatory secondary vocational education), medium (intermediate vocational training, higher general secondary education, pre-university education) and high (higher vocational education, university education).
Statistical analyses
Descriptive statistics were used to report on the baseline characteristics (i.e., work-related, health, demographic and occupation factors) of the study population and the frequencies of transitions between the annual waves.
The influence of baseline chronic health problems and work-related factors on transitions from paid employment to disability benefits, unemployment, and early retirement during follow-up was assessed in a competing risks proportional hazards model [22] . This model takes into account that these outcome routes are related events; that is, the risk of one event depends on whether the other event has occurred. This is of particular importance for labor force exit routes, since disability will most often occur at a younger age than early retirement and eligibility criteria and financial consequences also play a role.
Sub-HR and their 95% CIs are presented from multivariable models that included all health problems simultaneously in order to take multimorbidity into consideration, as well as work-related and individual factors. The influence of having any of the health problems as compared to having none of these on loss of paid employment was analysed in a multivariable model including work-related and individual factors. An HR greater than one for a particular determinant indicates an increased risk of a specific transition occurring during the follow-up, considering the competing risks of the other transition routes.
In order to determine whether taking competing risks into account indeed influenced our findings, sensitivity analyses with standard Cox proportional hazards models were also conducted. The findings from the two models were compared by looking at the percent change in (sub)HR. In order to determine whether work-related factors modify the influence of health problems on transitions from paid employment, relative excess risk due to interaction (RERI) terms were calculated. Multiple testing and chance findings would have been a problem had the interaction effect of each specific health problem with each work-related factor on the three forms of loss of paid employment been analysed (i.e., 7×4×3=84 statistical tests). The dichotomous classification of any of the specific health problems being present as compared to none of these health problems was used for the effect modification analyses. In sensitivity analyses, the specific interaction of musculoskeletal and psychological health problems with work-related factors on transitions were also assessed. RERI terms were calculated using HRs as estimates of relative risk; RERI=(HR (health problem and unfavorable work factor)) -(HR (health problem and favorable work factor)) -(HR (no health problem and unfavorable work factor)) + 1 [23, 24] . The HR terms used to calculate the RERI term, the RERI term itself and its 95% CI, as calculated with the delta method, are reported [23, 25] . To determine the role of work-related factors in loss of paid employment specifically among workers with health problems, the risk of loss of paid employment between workers with health problems and favorable versus unfavorable work-related factors was also compared in terms of percent change in HR. All RERI analyses were adjusted for age, gender and educational level.
Analyses were conducted in SPSS V.20 and STATAV.13.1.
Results
Study population
Baseline characteristics of the study population are presented in Table 1 . Participants were on average 53 years old, and slightly more males than females participated in the current study. Most participants had a medium or high educational level. At baseline, workers were predominantly employed in the following types of companies: health and well-being, public administration, education and industry (according to EU NACE classification of economic activities of organizations).
Musculoskeletal health problems were most prevalent (29.6%), followed by circulatory health problems and severe headache. Psychological health problems were the least prevalent (2.9%); 49.1% of the study sample had one or more health problem.
During the 3 year follow-up, 14.1% of the sample (n=1,147) lost their paid employment; 7% of the workers retired early (n=570; 27.9 per 1,000 person-years), 5.8% became unemployed (n=474; 23.2 per 1,000 person-years) and 1.3% started receiving disability benefits (n=103; 5.0 per 1,000 person-years). 
Determinants of loss of paid employment
Chronic health problems
With the exception of circulatory health problems, the presence of all health problems at baseline were related to an increased risk of disability benefits, ranging from 1.78 (95% CI The sensitivity analyses showed that HRs estimated by the standard Cox proportional hazards model (see Appendix Table A) for chronic health problems on the transition to disability benefits were larger than in the competing risks model, up to 20% for psychological health problems. For unemployment and early retirement, estimates were approximately the same (maximum change 1.1%) ( Table 2 ). 
Work-related factors
In the multivariable analyses, adjusted for individual factors and health, work-related factors were not statistically significant independent risk factors of disability benefits.
Lower physical load was a risk factor of unemployment. Lower support was a risk factor of both unemployment and early retirement ( Table 2) .
Effect modification of work-related factors on health-employment transitions
The only statistically significant RERI was for health problems and autonomy for disability benefits (RERI 2.09; 95% CI 0.77 to 3.41). Specifically, workers with health problems and lower autonomy had an 82% greater risk of disability benefits than those with health problems and higher autonomy (see HRs in Table 3 ). Although other RERIs were not statistically significant, we observed some indications that, among workers with a health problem, those with unfavorable psychosocial work-related factors had a greater risk of disability benefits compared to those with favorable psychosocial work-related factors.
Namely, workers with lower social support and higher psychological job demands showed 49% and 11%, respectively, greater risk of disability benefits than workers with health problems and higher social support and lower psychological job demands (see HRs in Table 3 ).
Likewise, although the overall RERI was not statistically significant, we found an indication that workers with health problems and higher physical load had a 27% greater risk of early retirement than workers with health problems and lower physical load (see HRs in Table 3 ). There was no indication of modification by work-related factors for the effects of health problems on unemployment (see Table 3 ).
Similar to the overall health problem analyses, in the sensitivity analyses too we found that persons with musculoskeletal and psychological health problems and unfavorable psychosocial work-related factors were at a greater risk of disability benefits (see Appendix   Tables B and C) . This increased risk ranged from 28% to 45% for musculoskeletal health problems, and from 108% to 185% for psychological health problems. Table 3 .
Modification of work-related factors on the relation between chronic health problems and loss of paid employment using relative excess risk due to interaction 
Discussion
Workers with chronic health problems had an increased risk of starting to receive disability benefits during the 3 year follow-up, ranging from 1.78 with severe headache to 2.79 with psychological health problems. Alongside psychological health problems, only circulatory and musculoskeletal health problems were related to transitions to unemployment and early retirement, respectively. Within the group of workers with health problems, those with favorable psychosocial work-related factors had a lower risk of disability benefits; this risk reduction was up to 82% with higher autonomy.
As poor health is a pre-requisite of receiving disability benefits, it is not surprising that workers with health problems were at an increased risk. The effects of the seven health problems on disability benefits were relatively comparable in the current study. Similarly, in the review by van Rijn et al [3] , the risk of disability pension ranged from 1.80 with poor mental health to 2.35 with respiratory health problems. In the prospective French GAZEL cohort study, greater differences were found between health problems with psychiatric diagnosis being the strongest predictor of disability pension (HR 7.56 for men, HR 4.14 for women) and respiratory diagnosis the weakest (HR 3.92 for men, HR 2.62 for women) [26] . There may be diverse reasons for mixed findings, such as the registry method of health via self-versus physician-reports, the severity of the health problems and different definitions of disability across different systems.
When compared to other health problems, psychological health problems had the strongest relation with unemployment and early retirement in the current study. Past studies using STREAM data on the effects of chronic health problems on sickness absence, productivity and work ability, have also shown especially large effects of psychological health problems [14, 16] . In line with this, the recent Organisation for Economic Cooperation and Development (OECD) report on mental health and work in the Netherlands states that more needs to be achieved for workers with moderate and mild mental health problems [27] . Workplace adjustments and accommodations may be needed because health problems can cause an imbalance in demands and resources [16] . Workers with psychological health problems, however, are less likely to disclose their health problems to their managers, and disclosure is a prerequisite for obtaining necessary accommodations [28, 29] . In the current study, the prevalence of psychological health problems was 2.9%; this group possibly contains persons with moderate to severe mental health problems, as in 2011 the prevalence of mild mental health problems in the Netherlands was found to be 9.6%, moderate 2.5% and severe 1.6% [30] . This could in part explain the strong effects of psychological health problems on loss of paid employment.
For early retirement it should be acknowledged that this is a complex transition:
not only poor health is a predictor, but good health can also play a role in that workers want to enjoy their retirement while still in good health [5] . Financial arrangements and opportunities at both the national and organizational level must also be considered in early retirement transitions [31] . Macro level determinants should be considered in future research on loss of paid employment, such as the economic situation in an occupational sector or an organization, as this may also lead to socioeconomic differences.
Among workers with any of the seven categories of chronic health problems, higher autonomy had the strongest modifying effect on the risk of disability benefits, followed by higher social support and lower psychological job demands. In order to restore the balance between demands and resources for those workers with health problems, autonomy can play a crucial role as it allows a worker to make necessary adjustments (e.g., deciding how and in which order to conduct work tasks, being able to think of solutions for how to approach things and decide when to take time off from work) [32] .
Furthermore, colleague and supervisor support can emotionally help a worker, but also makes it easier for him or her to attain accommodations in the workplace [32] . In line with this, the greater the perceived adjustment latitude a worker with health problems has, that is, the extent to which his or her work effort can be adjusted, the lower the sickness absence [33] . If interventions can successfully ensure that favorable work-related factors are present, our findings suggest that the risk of loss of paid employment would decrease. Future research should also explore the modifying role of other work-related factors that have been found to have a direct association with continued employment, such as challenging work and organizational commitment [31, 34] .
Strengths and limitations
A strength of the current study is that different health problems, work-related factors and forms of early loss of paid employment were incorporated in one study; this made it possible to compare effects. This allowed for competing risk analyses to be used, which take into account multiple competing events and help to compare these findings to that of a traditional Cox model. In the current study we found that the influence of health on disability benefits reduced with up to 20% for psychological health problems in the competing risks model. Such an attenuation may be expected, and has been shown in a simulation study [35] , because a portion of the workers with, especially psychological, health problems also show transition to unemployment and early retirement and thus less workers with (such) health problems are viable to transition to disability benefits.
A limitation in this study is that work status was based on self-reported data and we did not have information on the exact percentage of work disability benefits that workers actually received. Furthermore, we did not consider whether and when workers returned to paid employment or to other employment status. For workers who started to receive disability benefits or retired early, re-entering to paid employment was relatively rare, 9% and 0.1%, respectively. Unemployment, however, was a more temporary transition, namely, 25% returned to paid employment within the next year. In future research it would be beneficial to use objective work status information, for example, based on tax registry information alongside self-reported data to study the main source of income, different routes out of employment and combined work status (e.g., being early retired and working part-time) that can allow for different approaches to be used, such as multistate and working life expectancies models [36, 37] . Related to this, a limitation of the current study is that the time of an event was studied on a 1-year basis, that is, between questionnaire waves. This, however, is somewhat crude and again using objective information could allow for the exact time of a transition.
When assessing effect modification we did not look at separate health problems, because otherwise too many interaction terms would be tested and statistical power was low due to too few events during follow-up in some subgroups. In sensitivity analyses of effect modification of musculoskeletal and psychological health problems, findings from the overall analyses were confirmed. All of the effect modification terms had large CIs. For this reason we also determined the role of work-related factors in loss of paid employment, specifically in workers with health problems based on the clinically relevant differences in HRs.
Conclusions
The presence of almost all chronic health problems predicted, to a similar extent, that workers started to receive disability benefits, whereas predominantly psychological health problems predicted unemployment and, to a lesser extent, early retirement. Favorable psychosocial work-related factors reduced the risk of receiving disability benefits for persons with health problems. Alongside good health, our study suggests that promoting favorable psychosocial work-related factors among ageing workers can contribute to sustainable employment. 
